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平衡法可以观测水体 234Th 输出通量，结合沉积物中过剩 234Th 的沉积通量，建
立合理的模型，我们便可以估算 234Th 的跨陆架输运通量，进而评估颗粒有机碳
（POC）跨陆架输出通量。本论文采用小体积海水二氧化锰共沉淀法测定水体中
总 234Th 的活度，利用新设计的简化流程的方法测量沉积物中过剩的 234Th 活度。




在研究区域 200 米以浅的陆架海区，分析了 Chl a、TSM、POC 与 234Th/238U
垂直剖面分布后，我们发现：所有站位的水体都存在颗粒物清除而引起的 234Th
亏损现象，其 234Th/238U 比值在 0.06-1.07 之间。大致的表现是，近岸区域与水层
底部的 234Th/238U 比值小，颗粒物对 234Th 的清除程度较大；离岸越远，颗粒物
对 234Th 的清除程度降低；水深达到 200 米时，在 75-100 米附近出现 234Th/238U
的平衡。在所有站位，近底层都会出现较之上层更大的 234Th 的亏损现象，与底
部 TSM 高值相对应，表明可能存在着底部颗粒物再悬浮的现象。叶绿素 a 的分
布则表明底部的高颗粒物浓度由再悬浮而非浮游生物现场生产引起的，但是高的
TSM 值不一定对应高的 POC 值。同时，POC 、TSM 与 234Th/238U 的剖面图也暗
示底部再悬浮颗粒物存在着沿陆架向外输运的趋势。 
陆架区水体的 234Th 输出通量分布存在着空间差异性，主要表现为在 75-100
米区域有较大的通量值，而近岸由于水深较浅、远岸由于颗粒物丰度等因素的影
响，其 234Th 的亏损通量相对较小。水体中 234Th 的亏损通量范围在 435±17 - 



















过剩现象；等深线 100-200 米的砂质区域并未观测到 234Th 的过剩。对整个陆架
区的调查发现，沉积物中 234Th 过剩量的范围在 67±30 - 1832±167 dpm/m2/d 之间，
平均值为 800±99 dpm/m2/d。 
基于水体 234Th 的亏损与其在沉积物中过剩的量，首次对南中国海北部陆架
区的 234Th 的跨陆架输出通量进行了分析与定量。陆架区 234Th 通量在断面分布
上比较均匀，在不同的等深线上则存在较大的差异，等深线 50-100 米区域贡献
了主要的输出量。通过对陆架区 234Th 的收支平衡进行分析，建立一个关于 234Th
的稳态箱式模型，发现南海北部陆架区存在着 234Th 的跨陆架输出过程。  
最后，我们通过对埋藏系数（FFTh）与输出系数（EFTh）的讨论分析，发现
近 60%的埋藏系数是集中在 1:2 到 1:4 之间，表明沉积物中埋藏的 234Th 的量为
水体总亏损量的 25-50%左右；而大约 50-75% 的 234Th 以颗粒物为载体，由陆架
区向外输送到陆坡或更远的海盆区。结合跨陆架输出的 234Th 通量与陆架区的




















The efficiency of the biological pump over the continental shelf is largely 
modulated by the transport of biogenic particulate organic carbon (POC) across the 
shelf and represents the capacity of net carbon sequestration of atmospheric CO2 in 
the shelf area. 234Th/238U disequilibrium was used to quantify 234Th export flux from 
the water column. In combination with the depositional flux of 234Th on the seafloor, 
we established a 1-D mass balance model to estimate the flux of 234Th (and hence 
particulate organic carbon export flux) across the shelf. We used the small-volume 
manganese dioxide coprecipitation method to measure total 234Th activity in seawater, 
and a modified protocol to measure the excess of 234Th activity in sediment. Samples 
were collected from the northern South China Sea shelf in August 2012. 234Th/238U 
disequilibrium was used to quantify the magnitude of the transport flux of POC and to 
study the mechanisms that control the transport of POC across the shelf. This study 
will provide a new reference and is helpful for understanidng carbon cycling in the 
South China Sea.  
Over the continental shelf, we found that 234Th removal phenomenon was 
evident in all of the water column, with the 234Th/238U ratio varying between 0.06 to 
1.07. The  234Th/238U ratio in the nearshore area and in the bottom was relatively 
small. With distance offshore, the removal of 234Th on particles decreased. At all 
stations, the deficit of 234Th appeared to be more pronounced in the bottom than in the 
surface water. This low 234Th signal corresponded to high TSM values in the bottom 
water and indicates that resuspension of particles may ocurr in the bottom of the shelf. 
The chlorophyll a distribution suggests that the high particle concentrations were 
more likely to be caused by resuspension than by in-situ biological production. 
Notably, high TSM value may not necessarily correspond to high POC concentration.  
Overall, the depth profiles of POC 、TSM and 234Th/238U suggest that particle 
resuspension may lead to the transport of POC across the shelf. The export flux of 















between 435±17-2984±80 dpm/m2/d, with a mean value of 1849±75 dpm/m2/d.  
234Th excess was found in the surface of 0-4 cm sediment of the South China 
Sea shelf. The penetration of 234Th into sediment is controlled mainly by bioturbation. 
In the study area, hydrodynamic and the nature of sediment affect the inventory of 
excess 234Th in sediment. The inventory of 234Th excess in sediment ranges from 
67±30 dpm/m2/d to 1832±167 dpm/m2/d, with a mean value of 800±99 dpm/m2/d.   
Based on the 234Th export flux from the water column and the depositional flux 
in sediment, we calculated the 234Th export flux across the continental shelf in the 
northern South China Sea. The distrbition of 234Th flux along isobath was relatively 
uniform. Overall, lateral transport of 234Th occurred mainly in the region with a water 
depth of 50-100 meter. Through the analysis of the balance of 234Th in the shelf, a 
one-dimensional (1-D) steady state of 234Th box model was established. It was 
inferred that there was a mechanism of 234Th transport across the continental shelf in 
the northern South China Sea. 
Finally, through an analysis of focusing factor (FFTh) and exporting factor 
(EFTh), we found that about 60% of FFTh values fell in the range of 1:2-1:4, 
suggesting that only 25-50% of the total export of 234Th deposited in sediment. About 
50-75% of 234Th was thus transported in a form of particulate matter from the shelf to 
the slope and/or further offshore to the deep basin. With 234Th export flux and 
POC/234Th ratio, we estimated the cross-shelf transport flux of POC to be 
6.8±0.99×107 mmol C/m/d. This offshore transport process makes POC more 
conducive to be sequestrated in the deep sea or even in sediment, and is thus 
important for the regulation of CO2 concentration in the study area. 
Keywords: 234Th/238U disequilibrium；excess 234Th in sediment；234Th deficit；POC；
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出本论文的主要研究内容、目标及结构框架。                         
1.1  234Th 在海洋水体及沉积物中的应用 
海水中含有 U 的 3 种同位素 238U、235U、234U，分别属于(4n+2)和(4n+3)天然
放射系，其半衰期分别为：4.5×109 y、7.04×108 y、2.45×105 y，与 232Th 系称为





其吸附，研究表明大洋海水中≤0.1%的 238U 以颗粒态的形式存在 (Hodge et al.，
1979)，即 238U 基本没有颗粒活性而呈保守性，与海水中的盐度呈现良好的线性
关系(Chen et al.，1986)。 
1.1.1  234Th 在海洋水体中的应用 
234Th 是使用最为广泛的用来研究海洋颗粒循环的示踪剂，Bhat 等人在 1969
年开创性的论文提出：234Th 在陆架边缘海区活度较低，在较浅的 50-200m 的深
度即可与其母体 238U 达到长期平衡。在海洋环境中，利用颗粒活性的 234Th 对其
溶解性的母体 238U 的亏损现象，可以表征颗粒物的清除速率、沉积物捕集器效
率、表层沉积物的混合及颗粒物在垂直与水平方向上的输送速率等(Waples et al.，
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